Abstract. Expression of Prominin 1/CD133 is associated with poor prognosis and chemoresistance in several types of solid tumors. The aim of the present study was, therefore, to evaluate Prominin 1/CD133 expression in colorectal carcinoma after short-term preoperative treatment by non-steroidal anti-inflammatory drugs (NSAIDs). Patients aimed at curative operation for colon cancer were randomized to receive NSAIDs (indomethacin 50 mg x2 or celecoxib 100 mg x2) three days preoperatively. Antisecretory prophylaxis (esomeprasol 40 mg x1) was provided to all patients and served as sham intake. CD133 expression in tumor tissue was also assessed in tumors from Dukes' B patients selected for either long or short postoperative survival. No patients received perioperative chemoradiotherapy. Tumor tissue was collected at surgery for quantification of mRNAs (Prom1 and Wnt4) by qPCR. Immunohistochemistry stained for CD133, Ep-CAM, CD34 and CD45. PGE 2 content in tumor tissue was determined. Transcript of CD133 in tumor tissue was lower in patients treated with NSAIDs (0.28±0.07 vs. 0.51±0.08; p<0.03) as well as some other stem cell-related transcripts. In treated patients 36% of all tumors stained positive for CD133 compared to 71% in sham-treated control patients (p<0.05). Short survivors with Dukes' B tumors displayed 78% CD133 expression as compared to 33% of tumors in long-term survivors (p<0.002). Tumor tissue PGE 2 content was negatively related to patient survival. Our results show that short-term preoperative NSAID treatment downregulates colon cancer tissue expression of Prominin 1/CD133, a stem cell marker indicative of survival prognosis as confirmed.
Introduction
Short-term preoperative treatment of patients with colorectal cancer with non-steroidal anti-inflammatory drugs (NSAIDs) increased tumor tissue infiltration of activated immune cells with subsequent evidence of tumor growth inhibition and increased apoptosis (1) (2) (3) . Gene expression profiles, based on whole genome oligo microarray, indicated downregulation of Prominin 1 expression which is a potential tumor stem cell marker located on chromosome 4p15.32 (4) . This gene codes for a five-transmembrane glycoprotein referred to as CD133/ AC133 originally described as a cell surface antigen present on CD34 + hematopoietic stem and progenitor cells (4, 5) . CD133 is regarded a marker of cancer stem cells related to tumor initiation and progression, although a more extended distribution of CD133/AC133 expression on cells has been reported (6, 7) . Accordingly, there is now an increasing number of studies showing that CD133 expression may serve as an independent significant marker for prognosis and chemoresistance in colorectal cancer as well as in other solid tumor types (8) (9) (10) . Thus, our unpublished microarray information implied that a pool of cancer stem cells in colorectal cancer may be sensitive to NSAID-treatment in line with other well-recognized observations on prostanoid metabolism and progression of colorectal cancer in our laboratory (2, (11) (12) (13) . Decreased CD133 expression in colorectal tumors, subsequent to NSAID-treatment, suggests that tumor stem cells in colorectal cancer tissue may either induce differentiation with subsequent loss of CD133 expression or reflect a decline in the pool of tumor stem cells, perhaps due to increased apoptosis. The aim of the present study was to focus on Prominin 1 expression as a possible marker of tumor stem cells in relationship to short-term preoperative NSAID treatment in colon cancer from unselected patients.
Materials and methods
Patients. Unselected patients who were scheduled for primary and curative resection of colorectal cancer were randomized to receive NSAID or sham treatment during three days before surgery, between 1998 and 2004 at Sahlgrenska University Hospital, Gothenburg, Sweden, as described elsewhere (1) . The patient group consisted of 16 females and 12 males with a median age of 74±9 (SD) years (range 55-85 years). Tumors were histologically classified by certified pathologists as Dukes' A (n=5), B (n=10), C (n=11) and D (n=1) corresponding to tumor stage I-IV (Table I) . NSAID treatment was indomethacin (Confortid, 50 mg x2, Alpharma, n=10) or Celebrex (100 mg x2, Pfizer, n=4) during three preoperative days, together with antisecretory prophylaxis (esomeprasol, 40 mg x1, Astra Zeneca, n=14), which was also provided to control patients as sham treatment. Assessment of this NSAID medication efficacy has been described elsewhere (1) . None of our patients received perioperative radiochemotherapy according to standard treatment criteria at our institution and individual patient evaluations at the time of patients inclusion.
We have earlier reported that colorectal cancer patients with Dukes' B tumors and carcinoembryonic antigen (CEA) serum levels above 15-20 ng/ml at primary operations may be regarded high risk patients in agreement with reported positive correlation between CEA and elevated CD133 expression from PBMC with recurrent disease (14, 15) . Therefore, we have also analyzed tumor expression of CD133 occurrence in selected Dukes' B patients with long or short survival. Dukes' B patients were collected from the same cohort as present study and control patients. Thus, eleven additional patients selected for care due to colorectal carcinomas classified as Dukes' B without preoperative NSAIDs were used. Eighteen such patients were divided into short (median 658 days, Mv 620±161, n=9) and long-term survivors (median 3,760 days, Mv 3370±471, n=9) and analyzed as a reference group in addition to analyses on the randomized study and control patients (Table I) .
Tumor and colon tissue material. Tumor and normal colon tissue (down to the serosa layer) were collected at surgery, snap-frozen in liquid nitrogen and stored in -70˚C until analysis. For practical reasons, recent samples were kept in RNAlater (Ambion) for 24 h at 4˚C and kept at -20˚C until analysis. Comparison of frozen and RNAlater solid tissue storage methods, as performed by Mutter et al showed a variation comparable to replicate samples run on RNA expression microarrays (16) . Biopsies were kept in 4% buffered formaldehyde solution for 3 days at 4˚C, washed and kept in 70% ethanol until dehydration and paraffin-embedding for immunohistochemistry. A tissue array (BioSite, Täby, Sweden) with paraffin-embedded sections of normal colon, colon adenomas and colon adenocarcinomas (five of each) was used as reference material in CD133/AC133 protein detection.
RNA extraction and cDNA synthesis. Total RNA was extracted with RNeasy Fibrous Tissue Midi Kit (Qiagen), where DNase treatment was included according to kit protocol. Quality and quantity of RNA were checked in Agilent 2100 BioAnalyzer with RNA 6000 Nano Assay Kit (Agilent Technologies). Concentration of RNA was measured in a Nano Drop ND-1000A spectrophotometer (Nano Drop Technologies Inc.). Aliquots of total RNA were used for real-time PCR, where 1 µg total RNA was reverse transcribed with ClonTech 1st Strand™ cDNA Synthesis Kit (BD Biosciences) and incubated for 1 h at 42˚C followed by 5 min at 94˚C. Each sample was then diluted to a final volume of 100 µl. Reactions were run in parallel where the reverse transcriptase was omitted in negative controls.
Microarray expression profiling. Microarrays were run as described earlier (1) .
Real-time qPCR. PCR was performed in a LightCycler 1.5 with LightCycler Fast Start DNA Master Plus (Roche). Primers for hProminin 1 (NM_006017), sense 5'-TGG ATG CAG AAC TTG ACA ACG T-3' (17) and antisense 5'-TGC TCG TGT AAG GTT CAC AGA T-3´ (CyberGene AB, Novum Research Park, Huddinge, Sweden) were added to capillaries in a final concentration of 0.5 µM. Two microliters cDNA was used for each amplification with reagents from LightCycler Fast Start DNA MasterPlus SYBR-Green 1 Kit (code 03515885001, Roche), with conditions: 95˚C for 10 min initially, then 40 cycles with 95˚C for 10 sec, 58˚C for 7 sec and 72˚C for 22 sec. QuantiTect Primer Assay HS_WNT4_11_S6 (cat no. QT00041391) and QuantiTect SYBR-Green PCR Kit (cat no. 204143, Qiagen) were used for amplification of Wnt4 with following conditions: 95˚C for 15 min initially, then 45 cycles with 94˚C for 15 sec, 55˚C for 20 sec and 72˚C for 20 sec. Samples were performed in duplicates and related to expression of glyceraldehyde-3-phosphate dehydrogenase (GAPDH, Control Amplimer Set, 639003, BD Biosciences) as least variable of eleven tested housekeeping genes (13) . Quantitative results were derived by use of the relative standard curve method where standard specimen was cDNA from an untreated human colon tumor (Dukes' C), resected at Sahlgrenska University Hospital. The expected size of 552 bp (Prom1) and 550 bp (GAPDH) and 129 bp (Wnt4) was confirmed in Agilent 2100 BioAnalyzer with DNA 100 reagents. Reactions were confirmed by positive and negative controls (one dilution of standard curve cDNA respective water substituted for cDNA).
Immunohistochemistry. Formalin-fixed and paraffin-embedded tissue sections (4 µm) were deparaffinized and rehydrated according to standard procedures and rinsed twice in 5 mM Tris Buffered Saline (TBS), pH 7.8. Sections were microwaveradiated in 0.01 M citrate buffer, pH 6.1 (Dako, S1700). Sections were mounted with Shandon Coverplates after TBS-rinse. Non-specific protein binding was initially blocked with TBS containing 5% fat-free dry milk followed by the procedure in EnVision Dual Link System-HRP (K4065, Dako Cytomation). Monoclonal mouse anti-human CD133/1 (AC133, 130-090-422, Miltenyi Biotech, 15 µg/ml) was used for detection of CD133. Mouse IgG1 (Dako 0931, 15 µg/ml) was used as negative control. Diaminobenzidine (DAB), included in the EnVision kit was used as chromogen. Counterstaining was performed in Mayer's hematoxylin and mounting was done in Pertex following dehydration (Histolab Products, Gothenburg, Sweden). The EnVision Doublestain Kit (K1395, Dako Cytomation) was used for dual staining of CD133/Ep-CAM, CD133/CD34 and CD133/CD45 to evaluate stem/progenitor cell origin; epithelial, lymphohematopoietic or lymphoid. Two clones for detection of EP-CAM were used simultaneously: monoclonal mouse anti-human epithelial antigen, MOC-31 (M3525, Dako Cytomation, conc. 1.0 µg/ml) and monoclonal mouse Ber-EP4 (M0804, DakoCytomation, conc. 1.25 µg/ml). Mouse monoclonal anti-human CD34 (sc-19621, Santa Cruz, conc. 4 µg/ml) was used for lymphohematopoietic cell detection and mouse monoclonal anti-human CD45, Leucocyte Common Antigen (M0701, DakoCytomation, conc. 4 µg/ml) for lymphoid cell detection. Incubation conditions for Ber-EP 4, MOC-31, CD34 and CD45 were 60 min at RT and for CD133 2 h at RT+ON at 4˚C. Otherwise IHC was run according to kit protocols. CD133 stained red (Fast Red) and Ep-CAM, CD34 and CD45 stained brown (Dab + ). Doublestained sections were mounted in aqueous medium Faramount (Dako Cytomation) following counterstaining. Observations of protein appearance and distribution of antibody stained cells were performed in Nikon eclipse E400 microscope and Digital HyperHAD Color Video Camera (Sony) using the Easy Image analysis software (Tekno Optik AB, Sweden).
PGE 2 analysis in tumor tissue.
A radioimmunoassay (Amersham, RPA 530) was used following pretreatment of tumor tissue as described earlier (11) .
Statistics. Results are presented as mean ± SEM and median values when appropriate. Non-parametric statistics were used in group comparisons (Mann-Whitney U-test and χ 2 test). This study was approved by the Regional Ethics Review Board, University of Gothenburg. Clinical Trials (NCT00473980).
Results
Real-time qPCR. Transcript content of CD133/GAPDH in tumor tissue RNA from individual patients was significantly lower in patients treated with NSAID compared to control patients (0.28±0.07 vs. 0.51±0.08; p<0.03). Similar results were obtained in array assays suggesting that several stem cell-related proteins were altered by NSAIDs treatment (Table II) . Parts of these alterations included signaling across Wnt4 pathways, which was also confirmed by qPCR, where NSAID-treated patients had tumors with a mean rank of 10.7 (n=13) compared to 17.1 (n=14) in sham-treated control patients (p<0.04) (Table II) . Table I . Patient characteristics before operation in patients randomized to NSAID or sham treatment and in selected reference patients with Dukes' B tumors with confirmed short-and long-term survival.
Unselected patients
Selected patients Immunohistochemistry. CD133 staining appeared in apical plasma membrane of epithelial tumor gland formations and mostly in lumina where the shed cells seemed to spread CD133-containing particles. Non-cellular, CD133-positive material was observed in the same location (Figs. 1-3 ), which agreed with results reported by others (8, 9) . Different locations were seen for CD133 and CD45 expressing cells (Fig. 3) and coexpressions of CD133, CD34 and CD45 were only observed occasionally in tumor tissue specimens. Consecutive sections illustrate location of the four antibodies, here shown in single staining for easier visualization (Fig. 4) . Normal colon sections from individual cancer patients did not stain positive for AC133 (not shown). On sections of commercially available tissue array, 60% (3/5) of colon carcinomas stained positive for CD133, while colon adenomas and normal colon sections were negative (Fig. 5) . Five NSAID treated patients (36%) had tumors that stained positive for CD133 compared to tumors in 10 control patients (71%) (p<0.05) ( Table III) . The mean rank of staining scores (distribution x staining intensity) in NSAID treated tumors was numerically lower compared to scores in control patients, but did not reach statistical significance (p<0.19).
In patients with selected high risk Dukes' B tumors, CD133 was detected in 78% (7/9) of tumors from patients with short survival (median 658 days), and in 33% (3/9) of tumors from patients with 5-fold longer survival (median 3,760 days) (p<0.002) (Table III) .
PGE 2 analysis.
Tumor tissue content of PGE 2 was 4,065±1,840 pg/g tissue (n=11) and 34,427±11,181 pg/g tissue (n=11) in NSAID-treated and control patients, respectively (p<0.01). In selected Dukes' B patients, tumor tissue content of PGE 2 was 41,592±21,369 pg/g (n=8) and 12,838±4,008 pg/g (n=8) in long-term and short-term survivors respectively (Table III) . Non-treated CD133 -colon cancer (controls) had 46,549±18,681 pg/g PGE 2 in tumor tissue (n=10) compared to CD133 + tumors from controls, which had 15,466±5,794 pg/g (n=12) (p<0.1) (Table III) .
Discussion
Our previous studies have demonstrated that tumor growth and patient survival relate to local tumor and systemic effects communicated by cytokines, classical hormones and prostanoids in part communicated by EP subtype receptor expression in colorectal cancer (2) . Accordingly our previous observations showed that even short-term preoperative NSAID treatment seemed to reprogram inflammatory cells to re-express antitumor defense mechanisms (1). In such tumor specimens it has also been observed that tumor cellular events are coordinated by altered direct and indirect prostanoid activities in tumor and host tissues. However, in the present study, CD133 expression did not seem to be directly related to net prostaglandin (PGE 2 ) content in tumor tissue, which may accord with reports by others (9, 18) . Stem cell homeostasis is by several investigators regarded a significant avenue for intensive exploration, where our present results demonstrate that CD133 was significantly decreased at both mRNA and protein levels, including other stem cell associated mRNAs following short-term preoperative NSAID treatment of patients with colon carcinoma (Table II) 
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protein levels in colon cancer cell lines and in primary colon cancer spheres (19) . Addition of PGE 2 in their experiments did not restore the effect of NSAID on CD133 expression. CD133 expression also appeared to be a prognostic marker as supported by our present observations in patients with Dukes' B tumors selected according to short and extended survival as related to different CD133 protein expression (p<0.002).
Our present observations may agree with our previous findings that NSAID treatment showed a trend to prolong survival in cancer patients with progressive systemic disease (12) , at least in part related to confirmed effects to attenuate prostanoid activity in both tumor and host tissues (11) . However, the relationship between PGE 2 content and CD133 expression in tumor tissue in present patients appeared less clear, but may include undefined (Table II) (20) . The Prominin 1/CD133 gene is composed of at least 27 exons with five alternative promoters and several splice variants with the possibility of various glycosylation of different splice variants (21) (22) (23) . CD133-1/AC133 is usually expressed in plasma membrane protrusions of different cell types, mostly associated with cholesterol in lipid rafts, perhaps participating in cell migration and polarization (24) (25) (26) . The biological function of CD133 is yet unclear but is reported to relate to glucose metabolism and cytoskeleton alterations in addition to roles in embryogenesis and wound repairing processes that involve recruitment of circulating endothelial precursor cells derived from CD34 + /CD133 + hematopoietic precursors (27, 28) . Tumor effects with inhibition of immune cells may in part depend on exosomal transfer of structural biological information. The appearance of AC133-containing buddings with released biological material, as observed in our present material, may well represent a system for horizontal transfer of information among cells. Accordingly, previous studies have reported that shedded membrane particles carry messages without the need of direct cell-to-cell contact. Such communications may occur in both normal and neoplastic tissues representing transportation of proteins, mRNA, DNA, miRNA, virus-and prion particles and perhaps also organelles as mitochondria (29) (30) (31) (32) (33) (34) (35) (36) (37) (38) (39) (40) (41) (42) . Tumorderived secreted membrane particles have thus been implied in deregulation of immunoreactions promoting tumor invasion, metastasis, inflammation and angiogenesis (43, 44) , suggestions that agree with our previous observations on immune activation of tumor infiltrating cells following NSAID treatment. CD133 signaling based on extracellular membrane particles shedded from neural progenitors and epithelial cells have been named small (50-80 nm) and large (0.5-1 µm) prominosomes appearing during brain embryogenesis, in body fluids from adult healthy humans and among Caco-2 cells upon differentiation (45, 46) . Seen together, our previous and present information provides a speculative possibility that NSAID interactions may evoke alterations in prominosome metabolism during cell to cell communication in cancer growth and perhaps also in tissue regeneration pending that growing tumors and healing wounds may represent two sides of a coin (3, 12, (47) (48) (49) (50) (51) .
In conclusion, our previous report on immune activation in tumor tissue by short-term preoperative treatment with NSAIDs to colon cancer patients is now extended to involve the possibility of altered tumor stem cell dynamics. Previous experiments in our laboratory have indicated that prostanoid activity as well as telomerase activity control decreased tumor cell proliferation and increased apoptosis observed in colon cancer specimens (47) . Also, the appearance of extracellular membrane particles in tumor tissue as demonstrated in present images is expected to support transfer of biological information among cellular phenotypes (Figs. 2 and 3 ). Our present information in relation to the effect by NSAIDs on colon cancer stem cells may relate to both target and off-target mechanisms including possible interplay between tumor, immune and stroma cells as supported by previous investigations in our laboratory (11) . CD133 phenomena may include strategies for new biomarkers, prognostic factors as well as treatment targets with NSAIDs alone or in adjacent to conventional regimens.
